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(54) LIGHT TRANSMITTER 

(57)Abstract: 

PURPOSE: To easily cope with various kinds of application forms of 

an optical communication system by shifting and stabilizing an 

(W operation point of a drive voltage signal side to an optional position of 

■ I ~| a voltage-light operating characteristic curve related to a light 

I* m\ — i nva&tm** — >mxm 

transmitter of an external modulation system provided with a 
Mach-Zehnder type optical modulator, etc. 

CONSTITUTION: The optical modulator 3 modulates light from a light 
source 1 according to a drive voltage generated by a drive circuit 2 
according to an input signal to output an optical signal. When the 
voltage-light operating characteristic curve of the optical modulator 

3 is drifted due to a secular change and a temp, change, etc., an 
operation point stabilization circuit 4 detects its drift amount to 
perform drift compensation. The operation point stabilization circuit 

4 shifts the operation point of the drive voltage signal side to the 
optional position of the voltage-light operating characteristic curve under the control of an operation point 
shift circuit 5. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An optical transmitter comprising: 
A light source. 

A drive circuit which generates a driver voltage signal according to an input signal. 

An optical modulator which changes this input signal into a lightwave signal in modulating light from this light 
source according to this driver voltage signal. 

An operating point stabilization circuit controlled so that a drift amount of a voltage-light operating 
characteristic curve in which this optical modulator operates is detected and the operating point by the side 
of this driver voltage signal becomes a fixed position to this voltage-light operating characteristic curve, and 
an operating point shift circuit which shifts this operating point to arbitrary positions of this voltage-light 
operating characteristic curve. 

[Claim 2]The optical transmitter according to claim 1, wherein this optical modulator is a Mach-Zehnder 
type optical modulator. 

[Claim 3]a bias control circuit which carries out feedback control of the bias of this Mach-Zehnder type 
optical modulator using a phase detection circuit characterized by comprising the following which outputs a 
DC signal, and this DC signal and an output signal of this operating point shift circuit, and the optical 
transmitter according to claim 2 coming out and constituting. 

A low frequency wave oscillating circuit where this operating point stabilization circuit outputs a 
predetermined low frequency signal. 

A low frequency wave superposition circuit which applies amplitude modulation to this driver voltage signal 
of high frequency with this low frequency signal. 

A branch circuit which branches a lightwave signal outputted from this Mach-Zehnder type optical 
modulator. 

Polarity and a size according to phase contrast which detected a frequency component of optical - 
electrical conversion circuit which changes a branched lightwave signal into an electrical signal, and a low 
frequency signal included in this electrical signal, and was acquired in a phase of this frequency component 
as compared with a phase of this low frequency signal. 

[Claim 4]The optical transmitter according to claim 3, wherein this operating point shift circuit is an offset 
circuit which outputs and adds arbitrary DC signals to a DC signal outputted from this phase detection 
circuit. 
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[Claim 5]The optical transmitter according to claim 3, wherein this operating point shift circuit is a shift 
circuit which outputs and adds a low frequency wave which has arbitrary amplitude to an electrical signal 
from this optical-electrical conversion circuit. 

[Claim 6] Claims 3 and 4, wherein this low frequency wave superposition circuit superimposes this low 
frequency signal so that an envelope of a driver voltage signal of high frequency which received amplitude 
modulation with a low frequency signal may be symmetrical and may serve as an opposite phase to a 
time-axis, or an optical transmitter given in five. 

[Claim 7]Claims 3 and 4, wherein this low frequency wave superposition circuit superimposes this low 
frequency signal so that an envelope of a driver voltage signal of high frequency which received amplitude 
modulation with this low frequency signal may become symmetrical and in phase to a voltage axis, or an 
optical transmitter given in five. 

[Claim 8]Claims 3 and 4, wherein this low frequency wave superposition circuit superimposes this low 
frequency signal so that an envelope of while of a driver voltage signal of high frequency which received 
amplitude modulation with this low frequency signal may be unsymmetrical to a time-axis and an envelope 
may turn into a straight line, or an optical transmitter given in five. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Industrial Application]This invention relates to the optical transmitter which has external optical 
modulators, such as a Mach-Zehnder type optical modulator which modulate the light from a light source 
and outputs a lightwave signal with the driver voltage signal generated especially according to the input 
signal, about an optical transmitter. 
[0001] 

[Description of the Prior Art]The optical transmitter used for the conventional optical fiber communications 
system is modulating the current which flows into the laser diode which constitutes a light source with an 
input signal (data signal), and the reactance modulation system which modulates the lightwave signal 
outputted was adopted. However, in a reactance modulation system, since the influence of the dynamic 
wavelength variation (chirping) of a lightwave signal becomes large by the wavelength dispersion in the 
optical fiber of a lightwave signal according to access speed becoming high, long-distance transmission of a 
lightwave signal has become difficult. 

[0002]Then, the optical transmitter of the external modulation system provided with external optical 
modulators, such as a Mach-Zehnder type optical modulator which chirping does not produce easily 
theoretically, is proposed. One conventional example of the optical transmitter of this external modulation 
system is explained in drawing 11 t hru/or drawing 1 6. 

[0003]The light from a light source is inputted into the input port 4, and by the branching waveguides 6 and 
8, the Mach-Zehnder type optical modulator shown in the top view of drawing 1 1 branches to two, joins 
after that, and is outputted from the output port 10. The signal electrode 12 is formed in one branching 
waveguide 6, and the bias electrode 16 is formed in the branching waveguide 8 of another side. 
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[0004]The earth electrode 14 is formed near the signal electrode 12, and the earth electrode 18 is formed 
near the bias electrode 1 6. 

[0005]A driver voltage signal is impressed between the signal electrode 1 2 and the earth electrode 1 4, and 
bias voltage is impressed between the bias electrode 16 and the earth electrode 18. 
[0006]The signal electrode 12 is constituted by the progressive wave type so that the electric field by a 
driver voltage signal may spread to the propagating direction and uniform direction of propagation light of 
the branching waveguide 6. The driver voltage signal to the signal electrode 1 2 is inputted from the end 1 2A 
of the above-mentioned propagating direction upstream of the signal electrode 1 2. The terminator machine 
(not shown) is connected to the end 1 2B of the downstream of the above-mentioned propagating direction 
of the signal electrode 1 2. 

[0007]The voltage-light operating characteristic curve showing the operation for which such a 
Mach-Zehnder type optical modulator modulates light with a driver voltage signal is shown in drawing 12 . 
But this figure shows a theoretic voltage-light operating characteristic curve, and it illustrates an operating 
characteristic in case the signal electrode 1 2 and the bias electrode 1 6 are not formed separately (namely, 
when there are not the bias electrode 1 6 and the earth electrode 1 8 in drawing 11 ). The figure (a) shows a 
voltage-light operating characteristic curve, the figure (b) shows an output light signal, and the figure (c) 
shows the driver voltage signal according to an input signal. A horizontal axis shows the voltage of a driver 
voltage signal, and a vertical axis shows the outputted ray electric power of a lightwave signal. 
[0008]As shown in this voltage-light operating characteristic curve, the lightwave signal outputted to a 
driver voltage signal has periodicity. And efficient binary abnormal conditions can be performed by using the 
driver voltages V0 and V1 that the minimal value and the maximal value of outputted ray electric power of a 
lightwave signal are obtained. 

[0009]However, in external optical modulators, such as such a Mach-Zehnder type and an optical modulator, 
there is a problem which the drift phenomenon from which the operating point by the side of a driver voltage 
signal shifts to a voltage-light operating characteristic curve produces in connection with aging or a 
temperature change. That is, as shown in the figure (a), voltage-light operating characteristic curve ** is 
normal to a driver voltage signal, but characteristic curve ** has the problem of shifting from an all seems 
well. 

[0010]If such a drift arises, a lightwave signal (the figure (b)) will change like ** to **, and will produce 
waveform distortion and extinction ratio degradation. 

[001 1]Then, move a driver voltage signal to a voltage direction, and said drift is compensated, It is required 
to make it coincide the driver voltages V0 and V1 with the minimal value and the maximal value of outputted 
ray electric power again, respectively, i.e., control the operating point by the side of a driver voltage signal to 
become a position to a voltage-light operating characteristic curve, and compensate a drift. 
[0012]The block diagram of the conventional optical transmitter for performing this compensation is shown 
in drawing 1 3 . After being inputted into the Mach-Zehnder type optical modulator 26, becoming irregular and 
outputting the light from the light source 24 as a lightwave signal, it branches in the optical branching circuit 
28. The branched lightwave signal is changed into an electrical signal from the photoelectric transducer 30. 
[0013]On the other hand, the drive circuit 32 outputs a driver voltage signal corresponding to an input signal, 
and is superimposed on the low frequency signal from the oscillator 34 in the low frequency wave 
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superposition circuit 36 to this driver voltage signal. The driver voltage signal with which superposition was 
performed is given to the input terminal of the signal electrode 12 of the Mach-Zehnder type optical 
modulator 26 via the capacitor 38. The output terminal of the signal electrode 1 2 is connected to the 
terminator machine 42 via the capacitor 40. 

[0014]The electrical signal from the photoelectric transducer 30 is inputted into the phase detection circuit 
44, and the DC signal of the level were corresponding the phase of the low-frequency component to the 
direction of said drift as compared with the phase of the low frequency signal from the oscillator 34 are 
polarity and corresponding to the drift amount is outputted. 

[0015]The bias control circuit 46 where the DC signal was inputted carries out feedback control of the bias 
voltage signal given to the signal electrode 1 2 so that this DC signal may be set to 0. This bias voltage 
makes a lightwave signal as well as said driver voltage signal output, and this lightwave signal joins the 
lightwave signal by said driver voltage signal, and it is outputted as a lightwave signal. 
[001 6]If the drift has not arisen at this time, a driver voltage signal, a voltage-light operating characteristic 
curve, and the relation of a lightwave signal outputted become like drawing 14 , but if a drift arises, it will 
become like drawing 1 5 or drawing 16 . 

[0017]The phase of the low-frequency component which the lightwave signal of drawing 1 5 or drawing 1 6 
has will shift from the phase of the low frequency wave on which the driver voltage signal was overlapped, 
i.e., the phase which is the low frequency waves which the oscillator 34 outputs. And the DC signal 
according to the phase contrast of the phase of the low-frequency component of a lightwave signal and the 
phase of the low frequency signal of the oscillator 34 is outputted, and, thereby, drift compensation is 
performed. f 0 is the frequency of the low-frequency component of a driver voltage signal among a figure. 
[0018]The block diagram of the optical transmitter concerning other conventional examples is shown in 
drawing 17 . In said conventional example ( drawing 13 ), after becoming a driver voltage signal of symmetry 
type to a time-axis by a dc component being removed via the capacitor 38, it was impressed by the signal 
electrode 12 and symmetrical abnormal conditions were performed, but a driver voltage signal. In this 
conventional example, not using such a capacitor, the bias electrode 1 6 is formed instead and the same 
symmetrical abnormal conditions as having given the symmetrical driver voltage signal to the bias voltage 
given to this bias electrode 1 6 to the time-axis by superimposing low frequency signals are enabled. 
[0019]In operation, the light from DFB laser 50 as a light source is inputted into the Mach-Zehnder type 
optical modulator 48 via the optical isolator 52. The light outputted from this Mach-Zehnder type optical 
modulator 48 branches in the optical branching circuit 28, and a part of branched light is changed into an 
electrical signal by the photoelectric transducer 30, it is further amplified with the amplifier 64, and is 
detected by the phase detector 44. 

[0020]On the other hand, an input signal is made the driver voltage signal of predetermined amplitude by the 
drive circuit 54, and is superimposed on the low frequency signal from the oscillator 34 via the variable 
resister 58 in the low frequency wave superposition circuit 56. 

[0021 ]The phase detector 44 comprises the synchronous detection circuit 60 and the low pass filter 62, and 
outputs the DC signal of the level corresponding the phase of the low-frequency component contained in 
the electrical signal from the amplifier 64 to the phase contrast as compared with the phase of the low 
frequency signal from the oscillator 34. This DC signal is inputted into the bias control circuit 66, and this 
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bias control circuit 66 gives bias voltage to the bias electrode 16 of the Mach-Zehnder type optical 
modulator 48 so that this DC signal may be set to 0. 

[0022]The wave type of the signal in each part of the optical transmitter of drawing 1 7 is shown in drawing 
18 . That is, the driver voltage signal shown in the figure (a) is given to the signal electrode 12, and the 
lightwave signal which has a phase change (phi 2) shown in the figure (c) is outputted to the branching 
waveguide 6. The bias voltage signal shown in the figure (b) is given to the bias electrode 1 6, and the 
lightwave signal which has a phase change (phi 2) shown in the figure (d) is generated in the branching 
waveguide 8. The lightwave signal of the two branching waveguides 6 and 8 will join, and will output the 
lightwave signal which has the phase contrast (phi1-phi2) shown in the figure (e). The lightwave signal 
outputted serves as a wave type of a symmetrical form to a time-axis, as shown in the figure (e), and the 
feedback control of it which performs drift compensation using a this wave type low-frequency component 
becomes possible. 
[0023] 

[Problem(s) to be Solved by the Invention]Thus, the above two conventional examples both control the 
operating point by the side of driver voltage to become one predetermined position to a voltage-light 
operating characteristic curve. That is, suppose that efficient binary abnormal conditions are performed by 
using the driver voltages V0 and V1 that the minimal value and the maximal value which the curve 
(voltage-light operating characteristic curve) of the outputted ray electric power of the lightwave signal 
outputted has are obtained, as a driver voltage signal. 

[0024] However, in external optical modulators, such as a Mach-Zehnder type optical modulator, various 
application gestalten can be considered in the present and the future with development of an optical fiber 
communications system, and to be stabilized and to be able to output a different lightwave signal to a fixed 
driver voltage signal is desired. For example, the thing for which the lightwave signal which has a high 
frequency component higher than the high frequency component of the inputted driver voltage signal can be 
outputted, Or the operation according to various application gestalten, such as outputting the lightwave 
signal of the train of impulses which has a duty ratio narrower than the train of impulses of the inputted 
driver voltage signal, is wanted to be performed. 

[0025]This invention was made in order to solve the above problem, it is shifting the operating point by the 
side of voltage to arbitrary positions, and stabilizing it to a voltage-light operating characteristic curve, and 
an object of this invention is to provide the optical transmitter to which various application gestalten of an 
optical fiber communications system respond easily. 
[0026] 

[Means for Solving the Problem]In order to attain the above purpose, an invention of claim 1 has 
composition shown in drawing 1 . Namely, a drive circuit (2) which generates a light source (1 ) and a driver 
voltage signal according to an input signal, An optical modulator (3) which changes said input signal into a 
lightwave signal in modulating light from a light source (1) according to a driver voltage signal, A drift amount 
of a voltage-light operating characteristic curve in which the optical modulator operates is detected, An 
operating point stabilization circuit (4) controlled so that the operating point by the side of a driver voltage 
signal becomes a fixed position to a voltage-light operating characteristic curve (refer to drawing 1 2 or 
drawing 14 t hru/or drawing 16 ), It is an optical transmitter provided with an operating point shift circuit (5) 
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which shifts the above-mentioned operating point to arbitrary positions of the above-mentioned 
voltage-light operating characteristic curve. 

[0027]An invention of claim 2 is an optical transmitter further characterized by the above-mentioned optical 
modulator (3) being a Mach-Zehnder type optical modulator. 

[0028]An invention of claim 3 has composition shown in drawing 2 . Namely, further the above-mentioned 
operating point stabilization circuit (4), A low frequency wave oscillating circuit (6) which outputs a 
predetermined low frequency signal, and a low frequency wave superposition circuit (7) which applies 
amplitude modulation to the above-mentioned driver voltage signal of high frequency with this low 
frequency signal, A branch circuit (8) which branches a lightwave signal outputted from the 
above-mentioned Mach-Zehnder type optical modulator (3), Optical - electrical conversion circuit (9) which 
changes a branched lightwave signal into an electrical signal, Detect a frequency component of a low 
frequency signal included in a changed electrical signal, and a phase of this frequency component is 
compared with a phase of the above-mentioned low frequency signal, A phase detection circuit (10) which 
outputs a DC signal which has polarity according to acquired phase contrast, and a size, It is an optical 
transmitter constituting including a bias control circuit (11) which carries out feedback control of the bias 
voltage of the above-mentioned Mach-Zehnder type optical modulator (3) using this DC signal and an 
output signal of an operating point shift circuit (5). 

[0029]An invention of claim 4 is an optical transmitter, wherein the above-mentioned operating point shift 
circuit (5) is an offset circuit (refer to drawing 4 ) which outputs and adds arbitrary DC signals to a DC signal 
outputted from the above-mentioned phase detection circuit (10) further. 

[0030]An invention of claim 5 is an optical transmitter, wherein the above-mentioned operating point shift 
circuit (5) is a shift circuit (refer to drawing 5 ) which outputs and adds a low frequency wave which has 
arbitrary amplitude to an electrical signal from the above-mentioned optical - electrical conversion circuit 
(9) further. 

[0031]Further, an invention of claim 6 is an optical transmitter superimposing a low frequency signal so that 
a low frequency wave superposition circuit (7) may have a symmetrical envelope of a driver voltage signal of 
high frequency which received amplitude modulation with a low frequency signal to a time-axis and may 
serve as an opposite phase (refer to drawing 7 ). 

[0032] Further, an invention of claim 7 is an optical transmitter superimposing a low frequency signal so that 
a low frequency wave superposition circuit (7) may have a symmetrical envelope of a driver voltage signal of 
high frequency which received amplitude modulation with a low frequency signal to a voltage axis and may 
become in phase (refer to drawing 8) . 

[0033]Further, an invention of claim 8 has an unsymmetrical envelope of a driver voltage signal of high 
frequency which received amplitude modulation with a low frequency signal to a time-axis, and its low 
frequency wave superposition circuit (7) is an optical transmitter superimposing a low frequency signal so 
that one envelope may turn into a straight line (refer to drawing 10 ). 
[0034] 

[Function]In the invention of claim 1 or 2, as shown in drawing 1 , according to the driver voltage signal 
generated by the drive circuit (2) according to the input signal, an optical modulator (3) modulates the light 
from a light source (1), and a lightwave signal is outputted. 
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[0035]If the voltage-light operating characteristic curve in which the optical modulator (3) operates starts 
the drift by a temperature change etc. at this time, an operating point stabilization circuit (4) will detect that 
drift amount, and it will control so that the operating point by the side of voltage becomes a fixed position to 
a voltage-light operating characteristic curve, and drift compensation will be performed. 
[0036]To this operating point stabilization circuit (4), the operating point shift circuit (5) is carrying out shift 
control of the above-mentioned operating point to the arbitrary positions of the above-mentioned 
voltage-light operating characteristic curve. 

[0037]In the invention of claim 3, as shown in drawing 2 , a low frequency wave superposition circuit (7) 
applies amplitude modulation to the above-mentioned driver voltage signal of high frequency further with 
the predetermined low frequency signal with which the low frequency wave oscillating circuit (6) outputted 
the control by the above-mentioned operating point stabilization circuit (4). On the other hand, the 
lightwave signal outputted from the above-mentioned Mach-Zehnder type optical modulator (3) branches 
by a branch circuit (8), The branched lightwave signal is changed into an electrical signal by optical - 
electrical conversion circuit (9), and a phase detection circuit (10) detects the frequency component of the 
low frequency signal included in the changed electrical signal, and compares the phase of this frequency 
component with the phase of the above-mentioned low frequency signal, The DC signal which has the 
polarity according to the acquired phase contrast and a size is outputted. Using this DC signal and the 
output signal of an operating point shift circuit (5), it is carried out because a bias control circuit (11) carries 
out feedback control of the bias voltage of the above-mentioned Mach-Zehnder type optical modulator (3). 
[0038]In the invention of claim 4, the offset circuit (refer to drawing 4 ) which is the above-mentioned 
operating point shift circuit (5) outputs and adds arbitrary DC signals to the DC signal from the 
above-mentioned phase detection circuit (10) further. The above-mentioned operating point can be shifted 
to the arbitrary positions of the above-mentioned voltage-light operating characteristic curve by adjusting 
the size of this arbitrary DC signal. 

[0039]In the invention of claim 5, the shift circuit (refer to drawing 5 ) which is the above-mentioned 
operating point shift circuit (5) outputs and adds further the low frequency wave which has arbitrary 
amplitude to the electrical signal from the above-mentioned optical - electrical conversion circuit (9). The 
above-mentioned operating point can be shifted to the arbitrary positions of the above-mentioned 
voltage-light operating characteristic curve by adjusting the size of this arbitrary amplitude. 
[0040]In the invention of claim 6, further, a low frequency wave superposition circuit (7) superimposes a low 
frequency signal so that the envelope of the driver voltage signal of high frequency which received 
amplitude modulation with the low frequency signal may be symmetrical and may serve as an opposite phase 
to a time-axis. The lightwave signal which has a low-frequency component of the same frequency as the 
low-frequency component which has a high frequency component twice the frequency of the high frequency 
component which this driver voltage signal has, and a driver voltage signal has by using such a driver voltage 
signal on which it was superimposed can be acquired (refer to drawing 7 ). 

[0041 ]In the invention of claim 7, further, a low frequency wave superposition circuit (7) superimposes a low 
frequency signal so that the envelope of the driver voltage signal of high frequency which received 
amplitude modulation with the low frequency signal may be symmetrical and may become in phase to a 
voltage axis. By using such a driver voltage signal on which it was superimposed, it has a high frequency 
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component twice the frequency of the high frequency component which this driver voltage signal has, and a 
lightwave signal without a low-frequency component can be acquired (refer to drawing 8 ). 
[0042]In the invention of claim 8, further, a low frequency wave superposition circuit (7) has the 
unsymmetrical envelope of the driver voltage signal of high frequency which received amplitude modulation 
with the low frequency signal to a time-axis, and it superimposes a low frequency signal so that one 
envelope may turn into a straight line. By using such a driver voltage signal on which it was superimposed, it 
has a high frequency component of the same frequency as the high frequency component which this driver 
voltage signal has, The lightwave signal which has a low-frequency component of the same frequency as the 
low-frequency component which a driver voltage signal has, and consists of a train of impulses with a small 
duty ratio can be acquired (refer to drawing 10) . 
[0043] 

[Example]The first example of the optical transmitter concerning this invention is described in drawing 3 . 
Although this drawing 3 is fundamentally the same as drawing 2 , It is what added the operating point shift 
circuit 47 to drawing 1 3 in which a conventional example is shown, the bias control circuit 46 which 
constitutes a part of operating point stabilization circuit (refer to drawing 2 ) with the output signal from this 
operating point shift circuit 47 is controlled, and it constitutes so that the operating point may be shifted to 
the arbitrary positions of a voltage-light operating characteristic curve. 

[0044]It is inputted into the Mach-Zehnder type optical modulator 26, and becomes irregular according to 
the driver voltage signal impressed to the electrode 12 for signals, and the light from the light source 24 is 
outputted as a lightwave signal. A part of lightwave signal branches in the optical branching circuit 28. While 
branched and light is taken out as a lightwave signal used for optical communications. The light of another 
side is changed into an electrical signal by the photoelectric transducer 30. 

[0045]On the other hand, the drive circuit 32 outputs the driver voltage signal of high frequency so that a 
lightwave signal may turn on and off corresponding to the logical level of an input signal. This driver voltage 
signal is inputted into the low frequency wave superposition circuit 36, and is superimposed on the low 
frequency signal from the oscillator 34. 

[0046]The driver voltage signal with which it was superimposed on the low frequency signal is inputted into 
the input edge of the signal electrode 12 via the decoupling capacitor 38. A dc component is eliminated from 
a driver voltage signal by this, and the wave-like driver voltage signal shown in drawing 6 (c) is outputted. 
That is, to the time-axis (the figure vertical axis), two envelopes are symmetrical and serve as an opposite 
phase. 

[0047]As concretely shown in drawing 6 , the low frequency wave superposition circuit 36 comprises the 
transistor 361 , the driver voltage signal (the figure (d)) of high frequency is impressed to the base 362, a low 
frequency signal (the figure (e)) is impressed to the collector 363 via the resistance 364, and the emitter 
365 is grounded. The driver voltage signal with which superposition was carried out for the low frequency 
signal as this shows in the figure (c) from the node of the resistance 364 and the collector 363 is outputted. 
This driver voltage signal is inputted into the input edge of the signal electrode 12, and outputs a lightwave 
signal as shown in the figure (b). The outgoing end of the signal electrode 1 2 is connected to the terminator 
machine 42 via the decoupling capacitor 40, as shown in drawing 3 . 

[0048]The phase detection circuit 44 compares with the phase of the low frequency signal from the 

9 



JP 08-248366 

oscillator 34 the phase of the low-frequency component contained in the electrical signal from the 
photoelectric transducer 30. And DC (direct current voltage) signal of polarity and a size according to the 
direction and size of phase contrast is outputted. That is, the DC signal of the level according to the polarity 
of the drift of optical-voltage light operating characteristic curve (the figure (a)) and a drift amount will be 
outputted. 

[0049]This DC signal is inputted into the bias control circuit 46 which consists of operational amplifiers etc. 
The bias control circuit 46 carries out feedback control of the bias voltage given to the signal electrode 1 2 
so that this DC signal may be set to 0. 

[0050]Thus, if feedback control that a DC signal is set to 0 is performed, as shown in drawing 6 , the drift 
between a driver voltage signal, and light / voltage operating characteristic curve will be lost. 
[0051 ]Now, the operating point shift circuit 47 is connected to the bias control circuit 46 in this example, 
and the output from the bias control circuit 46 is shifted to any value. That is, the horizontal-axis top of a 
voltage-light operating characteristic curve (the figure (a)) is shifted to arbitrary positions for the operating 
point of a driver voltage signal (the figure (c)). The state where it shifted 90 degrees compared with the case 
where the shifted position is drawing 6 is shown in drawing 7 . 

[0052]In this drawing 7 , the wave-like center of a driver voltage signal has shifted the operating point by the 
side of a driver voltage signal, and can output a lightwave signal as shown in the figure (b) so that it may be 
in agreement with the driver voltage from which the minimal value of outputted ray electric power is 
obtained to a voltage-light operating characteristic curve. 

[0053]That is, this lightwave signal has a high frequency component twice the frequency of the high 
frequency component which a driver voltage signal has. It has a low-frequency component of the same 
frequency as the low-frequency component which a driver voltage signal has, and amplitude is further set to 
one half of driver voltage signals. 

[0054]Thus, it has various meanings that the conventional lightwave signal (refer to drawing 1 4) and a 
different lightwave signal are outputted to a fixed driver voltage signal. It is being able to output the 
lightwave signal which has a for example very high high frequency component as one of them. 
[0055]That is, if the lightwave signal was high frequency, as for a certain forge fire, a lot of information will 
be transmitted at high speed, but it was difficult to include such a high high frequency component in the 
driver voltage signal outputted by the limit of the electric circuit itself from an electric circuit. Even if it does 
not include such a high high frequency component in the driver voltage signal itself to it according to this 
example, it becomes possible to include a very high high frequency component in the electrical signal 
outputted. 

[0056]Next, drawing 4 explains the optical transmitter by the second example of this invention. This drawing 
4_establishes the operating point shift circuit 72 in drawing 1 7 in which a conventional example is shown, 
connects the output signal of this operating point shift circuit 72 to the non-inversed input terminal of the 
bias control circuit 66, and grounds this non-inversed input terminal via the resistance 78. 
[0057]First, the Mach-Zehnder type optical modulator 48 used for this example is provided with the signal 
electrode 1 2 and the bias electrode 1 6. 

[0058]The light from the distributed feedback laser diode 50 as a light source is inputted into the optical 
modulator 48 via the optical isolator 52. The inputted light is outputted as a lightwave signal, after becoming 
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irregular. The outputted lightwave signal branches in the optical branching circuit 28 which consists of 
optical couplers etc., and while branched, and a lightwave signal is sent out to the optical transmission line 
which is not illustrated, and is used for optical communications. The lightwave signal of another side is 
changed into an electrical signal by the photoelectric transducer 30 constituted using a photo-diode etc., is 
further amplified with the amplifier 64, and is inputted into the phase detection circuit 44. 
[0059]On the other hand, the drive circuit 54 is an amplifying circuit, amplifies an input signal and outputs it 
as a driver voltage signal of predetermined amplitude. This driver voltage signal is superimposed on the low 
frequency signal sent through the variable resistor 58 from the oscillator 34 in the low frequency wave 
superposition circuit 56, and amplitude is modulated. 

[0060]The variable resister 58 is for adjusting the modulation factor of the amplitude modulation by a low 
frequency signal. 

[0061]The phase detection circuit 44 comprises the synchronous detection circuit 60 and the low pass filter 
62, and the phase of the low-frequency component contained in the electrical signal from the amplifier 64 is 
compared with the phase of the low frequency signal from the oscillator 34, It is the polarity according to 
the direction of an operating point drift, and is for acquiring the DC signal of the level according to the size 
of the drift amount. 

[0062]This DC signal is inputted into the bias control circuit 66. The bias control circuit 66 comprises an 
operational amplifier, and this operational amplifier has composition to which the negative feed back was 
applied, Bias voltage will be given to the bias electrode 1 6 of the optical modulator 48 so that the DC signal 
inputted into the inversed input terminal side may become equal to the voltage (set to 0 when grounded like 
conventional drawing 1 7 ) by the side of the non-inversed input terminal which receives the output signal of 
the operating point shift circuit 72. 

[0063]In this second example, not the thing that has the capacitor 38 like the first example ( drawing 3 ) but 
the driver voltage signal is directly given to the signal electrode 12. For this reason, the driver voltage signal 
wave form of the shape which becomes symmetrical to a time-axis as a dc component not removed from a 
driver voltage signal and shown in drawing 6 (c) is not obtained. 

[0064]Then, in order to enable the symmetrical abnormal conditions which can acquire the waveform of 
such symmetrical shape, a low frequency signal is superimposed also on the bias voltage given to the bias 
electrode 16 (refer to drawing 1 1 ) provided independently [ the signal electrode 12 ]. 
[0065]That is, the low frequency signal from the oscillator 34 is given to the bias electrode 1 6 via the 
variable resistor 68 and the coupling capacitor 70. 

[0066]Now, the operating point shift circuit 72 provided to the bias control circuit 66 in this example is an 
offset circuit which outputs arbitrary DC signals. This offset circuit is a buffer circuit constituted using the 
operational amplifier 74. 

The voltage of noninverting input one end arbitrarily set up with the variable resister 76 is outputted to the 
output terminal side. 

[0067]By having such composition, by changing the resistance of the variable resistor 76 of the operating 
point shift circuit 72, arbitrary DC signals can be outputted from the operating point shift circuit 72, and this 
DC signal will be added to the DC signal from the phase detection circuit 44. 
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[0068]Namely, although feedback control that the DC signal from the phase detection circuit 44 was set to 
0 by the bias control circuit 66 was performed conventionally, Feedback control which becomes the same 
[ the DC signal from the phase detection circuit 44 ] as the output signal from the operating point shift 
circuit 72 in this example will be performed. 

[0069]Thus, by making the resistance of the variable resistor 76 into any value, the operating point of a 
voltage-light operating characteristic curve can be shifted to arbitrary positions. 

[0070]It may be a shift circuit which the operating point shift circuit 72 outputs the low frequency wave 
which has arbitrary amplitude, and is added like [ in the above example / second / although it was offset 
circuit which outputs DC signals with arbitrary operating point shift circuit 72, and is added ] the third 
example shown in drawing 5 . 

[0071]That is, the low frequency signal from the oscillator 34 is amplified to arbitrary amplitude with the 
reversal variable amplifier constituted by the operational amplifier 80. An amplification factor is decided by 
the ratio of two resistance 82 and 84, and amplitude will become large if the value of the variable resistor 82 
is enlarged. 

[0072]This amplified low frequency signal is added to the electrical signal from the amplifier 64. The 
operating point can be shifted to the arbitrary positions of a voltage-light operating characteristic curve 
also by this. 

[0073]In the above three examples, to a time-axis, the driver voltage signal with which the operating point to 
a voltage-light operating characteristic curve is shifted is symmetrical, and serves as an opposite phase 
(refer to drawing 7 ). 

[0074]However, the thing which are shown in drawing 8 a nd which two envelopes of a driver voltage signal 
(the figure (c)) superimpose like the fourth example so that it may become in phase to a time-axis is also 
possible. Such superposition is impressed like the superposition circuit 36 of a graphic display, doubling not 
only the driver voltage signal (the figure (d)) of high frequency but a low frequency signal (the figure (e)) with 
the base 362 of the transistor 361. The collector 363 is connected to the driving source of the transistor 
361 via the resistance 364. The emitter 365 is grounded. The capacitor 38 as shown in drawing 6 is not 
formed. A driver voltage signal as this shows in the figure (c) from the node of the collector 363 and the 
resistance 364 is outputted. 

[0075]The operating point by the side of a driver voltage signal shall be shifted to the wave-like center of a 
driver voltage signal so that it may be in agreement with the driver voltage from which the minimal value of 
outputted ray electric power is obtained to a voltage-light operating characteristic curve at this time. The 
lightwave signal (the figure (b)) outputted at this time has a high frequency component twice the frequency 
of the high frequency component which a driver voltage signal has, and the low-frequency component of it 
is lost. It becomes possible to output the lightwave signal embraced by the specific application gestalt of an 
optical fiber communications system by this. 

[0076]Two envelopes of the driver voltage signal outputted are unsymmetrical to a time-axis like the fifth 
example shown in drawing 9 , and it is also possible to superimpose a low frequency signal so that one 
envelope may turn into a straight line. 

[0077]That is, a high frequency input signal (the figure (d)) is impressed to the base 362 of the transistor 
361, and a low frequency signal (the figure (e)) is impressed to the collector 363 via the resistance 364. 
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Thereby, a driver voltage signal as shown in the figure (c) can be outputted from the node of collector side 
363 and the resistance 364. 

[0078]The center of the low frequency wave which serves as one envelope of a driver voltage signal at this 
time shifts the operating point of a driver voltage signal so that it may be in agreement with the driver 
voltage from which the minimal value of outputted ray electric power is obtained to a voltage-light operating 
characteristic curve (the figure (a)). 

[0079]The lightwave signal (the figure (b)) outputted by this has a high frequency component of the same 
frequency as the high frequency component which a driver voltage signal has. Ft has a low-frequency 
component of the same frequency as the low-frequency component which a driver voltage signal has. 
[0080]As shown in drawing 10 , the train of impulses of the lightwave signal is what has a small duty ratio 
rather than the train of impulses of the driver voltage signal by rough-**(ing) the train of impulses which 
constitutes this driver voltage signal. Thus, by acquiring the lightwave signal of a train of impulses with a 
small duty ratio, a lightwave signal applicable to false soliton transmission which is a specific application 
gestalt of an optical fiber communications system can be acquired. 
[0081] 

[Effect of the Invention]In the invention of claim 1, 2, 3, 4, or 5, using an operating point stabilization circuit, 
the above-mentioned operating point can be shifted to the arbitrary positions of the above-mentioned 
voltage-light operating characteristic curve, an operating point shift circuit shifts the operating point by the 
side of voltage to arbitrary positions to a voltage-light operating characteristic curve, and stability is carried 
out. 

Therefore, the various application gestalt of an optical fiber communications system responds easily. 
According to the invention of claim 6, it has further a high frequency component twice the frequency of the 
high frequency component which a driver voltage signal has, The lightwave signal which has a low-frequency 
component of the same frequency as the low-frequency component which a driver voltage signal has can be 
acquired by being stabilized (refer to drawing 7 ), and the predetermined application gestalt of an optical fiber 
communications system responds easily. According to the invention of claim 7, it has further a high 
frequency component twice the frequency of the high frequency component which a driver voltage signal 
has, and a lightwave signal without a low-frequency component can be acquired by being stabilized (refer to 
drawing 8 ), and the predetermined application gestalt of an optical fiber communications system responds 
easily. It has a high frequency component of the still more nearly same frequency as the high frequency 
component which a driver voltage signal has according to the invention of claim 8, It has a low-frequency 
component of the same frequency as the low-frequency component which a driver voltage signal has, and 
the lightwave signal which consists of a train of impulses with a small duty ratio can be acquired by being 
stabilized (refer to drawing 10 ), and the predetermined application gestalt of an optical fiber communications 
system responds easily. 



[Translation done.] 
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0B4 7ftVW7X*!H»|lI»4 6fcS«SnTfe»), ^ 

Hp-s, mmw±ms§ (mm 

(c) ) 0»^*ttBE-«»ff!RFttffl» (PIS 
(a) ) Offl«|±%ffiaot4{iC->7h-rSo ^7h£ 10 
nfcffiH^H 6 <D*£{C 9 0 fltf tlfcttftWH 7 {C 

[00 5 2] C OH 7 Tt±, BM«BE^Oj6^©«f i» 

©KffjSS^hLTftO, MIH (b) t*f«fe5ft)tt 
[0 0 5 3] oOM^tt, ffilfflJE^^ 

=rr 2 ^fl«a&©»issja#**rr 

§o SfcJBft«EEM^Wf «ffiJiifi«»fc|^-jaifia 20 
©ffiH8J8#**rU S 5fcfi«tftt*«fflt*l© 1 / 
2 kftSo 

[0 0 5 4] C<Dj;^fcLT, -feOWKlWlZmmctt 

beatojflw ciai 4 #jsa) ks&swiwtti^s 

ft*Cfcfcfi«40jft»tfii&3 o ^©lO^LTH;, #J 
CkT&& 0 

[0 0 5 5] OJ§-»K %«t4ttKJStt-T?«ntfft«tS£ 

*■©£ a ftKv^iHba^^frss** e k «b$£t&o 

[0056] mc s *%m<Dm=.nM®nc£z,ytmim 
^4tii}»So c<Dm4immiz^?m 1 7 

t«1^^7 HUB 7 2 fcKtt, C©»ft^>7 HIhJB 
7 2 0tBtl{fWWTX$WEIK6 6©#5*kA*«I 
?tC»«U COlNKfeWj*?«fiR7 8*^l/T» 40 

[00 5 7] S-f, CI<D||Sl5Mfcfflt/^V.v/vyx>^ 
SMSfgg 4 8 tt, 1 2 **«}: tf / W7*«ffi 1 

[0 0 5 8] JtMt LT©D F Bb— +F-^-Y^--F5 

''j-tL-tm/jsnso a^?n/i)tifitt*77-f 



n, s&te*«jB6 4Tif(g;*nT, ffiffi«w&iK4 4 
fcA^snSo 

[0059] -73, seshubs nmmmmx&o, A 

LT0r£©ffiffi©KlWEEfi^fc LTtB^] 
T, ££gg 3 4 frSHISSHK 5 8 £igT3i?>nT*3{g 

[0 0 6 0] jgS % RT^StaSB 5 8 te«fc51i 
«S»©giiK*Plfif * fcft©t>©"P* *. 

[00 6 1] (£ttBttffl|Hl»4 4 «\ PJ$MSl§JB6 0 k 
ffi«2iii7-r;l'*6 2fcfr&jaD» «*B«6 4*>6©* 
»^fc£$ft<&teffi»$#©ttffl&. M3 4^5, 
©ffiBIS^©ffi*BkJt«LT, »flFj£ F l> 7 h©#l*l 
KJ£Ufc*tt"^0 K'J 7 h*©***fciSi;fcl/'W 
© D C {PtfcfiS Tc46© 6 ©Tfe So 

[0 0 6 2] C©DCM#ti'K7X»|J3I|5|8R6 6 £A 

ft, d ©*^7 >7«* tfx y 77 -i — P/ty 
flWflW&ftf? h HIB 7 2 ©tt*«**»* *SNS*E 

A^?iJ©«i± c«e*©Bii 7 ©<fc 3 fc»**nT^ 

S«^fctt0t*«) K*L<***5{=3t««Sg4 8 

o/W7Xtii 6{c/W7X«±£#*£ckk& 

So 

[0 0 6 3] c©»zi*aiWTtt 4 m-^SSCT (0 3) 

mimmmizmnm 1 2fc#*BftT^«. c©£ 

( c ) fcjjVf <fc 9 ^BtBattt^t LJjftt45PiOll 
[0 0 6 4]*Lt, COcfc^ fti*ftMWW«0»Jg*ff 

2fctt»jfc»jfc/^7 , ^«ii e (Hi \ mm \c$ 

[0 0 6 5] %Sgg3 4fr£©{£JgJKfiW^ 

gjn 6 8 » * y 7U >fyt 7 0^^ L T^ 

Y7xiu 6tc^-x.snso 

[0 0 6 6] ST, <l©^»JtC^^T/W7XM«leI 
B6 6fcJtbT»»-6nTV*ilffj«^7Mitt7 2 

tlfcrt v-7 7 IllBTfe 0 , BlSffitfiS 7 6 * o TffiE 

{c^sn§^siKA*»j©«jEA\ m^mim 

[0 0 6 7] CCD&oftmj&tt&Z.tT*, mt&i'y 
MsHB 7 2 (DvJ]£&m 7 6 ©Wfi^^^ § C k T\ » 
ffc(6$'7 h tUB 7 2 ffi«£D D C M^atl-r § C k 
^T*, C©DCe#*ffifflttHil3B4 4^e>©DC{g 
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[0 0 6 8] BUS, fflU&/WTXM»®&6 
fitl^tBUSS 4 4 fr5©D C 0£:ft;g><fc5ft7<' 
- F^v ^WW^nt^ft*\ CflD*SMOfc*v>T 

mmmmm 4 4 & <o d c #swi^> 7 h insg 

7 2fr£©ti^M^£Pl-£:ft££?ft7'r-h7W^ 

[0 0 6 9] C0«fc3teLTnTafflK7 6©fi*ie*ff 
ffi«©ffiBteS/7hTlr«CtfcftS, 10 

[0070] «±osmafiM-e», mi^yy muss 

7 2ttfflltODCflf-%*tfJ*LTiinJW-**7-fev h® 

5 * 7 h o T fe <fc \,\ 
[0 0 7 1 ] fftt)*, RS»3 4fr&oftJUttEre 

m«^fii|ftif*s-r?.o ±|ipi*tiz:ooigK8 2, 8 

4 raft-eft* o , njgjgf/t 8 2 < tna:ig« 

&*t<ft£o 20 

[0 0 7 2] CO*fiSnfcffiffl«<a#{±, liflg§6 4 

^®jff#ttft«offijt©fegtffi(^^^7 h <rs c 

[0 0 7 3] W±0 3O0HSSfl»JfCftV>T{i, «E~ft 

mt, mrmictt l «*tfa»ffi« t * s t, o & 

(0 7 o 

[0 0 7 4] LfrUStfS, H8t^-r^ra^SWW«t"5 
tc* KIMEM** (PJEI (c) ) 0 2*oa»«C, B# 30 
HSJtt fc $f L T PI full ft 5 «k 5 1 SS^fi 1 5 C fe Plftg 

fc, h 2 3 6 1 0^-7 3 6 2 iCffif!|ft<DEK| 

itffift^ (pjbi (d) ) (DfrKzt&mmm mm 

(e) ) fc^trttTffHltrrS,, 31>^^3 6 3«SK3 
6 4£ftLTh5:/^X*3 6 1 ©KIMHBfcSSR"f 
3 Q x5>y£3 6 5&M!rf3o B6(c^ti^ 

3 6 3 £ffin3 6 4 fcOSM^fr (c) Km? <fe 

[0 0 7 5] cofct^mE^oS^otfrMi, « 

n sranE^-^t-s «fc a fc N mmmzmm\<Dm\f 
vznz&ot?*,, cotsnj^snsftra 
if cpjb (b) ) K«i«EM^frrsiBfsijfi^ 

ftSo Cftf«:«fcD, ft»>Xf-A©#£©:lffl«C 

jEt&nsftM^aw&ctaWfcftSo 

[0 0 7 6] H9fc:^*SBH*«fS»l<D.i:3fc:, tH 
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[0 0 7 7] BP'S, h7y->'X^3 6 10^-X3 6 2 

fcttKH«X2jflPt CWH (d) ) £ftttnU list* 

3 6 3iammmm mm (e) > zmm 6 4^ 

LTffliPf 5 0 cn(cJ;0nu^^M3 6 3t&fn3 6 

4 1 (Dtm&frz, mm c c ) K^-r* 5 ftggsmEfi! 

[0 0 7 8] COfc^SBMi«ffiM#o-^<DS«}«li:4 

(a) ) tc*ru w^nt)©ffi/jw?fp>n§»a 

Etc-gfT Settle, K«i«flEm^O»lf^jS*'>7 hf 

§0 

[0079] cftfcJ;?>iMjSft*3tefire (PJ® 

(b) ) (i, ffi»«EM^*^-r*jBsa»fi!t»i:RI-MI 

[0 0 8 0] $CtC, 0 1 OtTjVtiStes COKIM 
[00 8 1] 

i&momm m^mu 2, 3, 4, sfcasoHw 

K*fttf % »flF^S;SfblHl»*fiJfflUT^ «^>7h 
rs]?S^±IB»ff^^±ia*E-^»)f / Ff#ttffi^OE;S© 
ffiHfcS/7 *EWO»f^^'ilE-^l!)ff#14 
«K«LTffgcojiH(c^7 h LSSE*-&^ns© 

mmmmm^?%imfo&tttm-mtii®i(D<m%i 
mm?^mw^^Lrmmti^t (H7# 

i*m?*mmm(D2^<»m®.^mmmmm 

{cisuen^o s ©sswfcint^ mm 

[EIiS©fS¥-ft,W 

[0 1 ] xmiKmzKmmf&niBt&Miii ( 1 ) *m 

7n<y^07?feS o 
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[H2] *miKa*ytiMsm>mizmm (2) 
[0 3] *w®<D~mmm\m%mk\m<D-ruy>7m 

HTN6*. 

[0 5 ] *fffl<DmBmtmicm%yt&mm<D7u ? t 

0T?&3 O 

[06] m3ic7T,tMmmicmf^mim<D^y b* 
n^xi^ ^mvm -s%<d mm *mmt % 0 *<, 
[0 7 ] 0 e ic^xm^m^y h*^ofc««*^ 

[0 s ] *»wosra*fiiff!ifc*its#M^o«}B%^ 
i-0-ps^o 

[0 9 ] ^mim^mnmicmzm^tommzK 

[01 0] B9fc*ttS£^#©>W*?iJ*fflteUfctt 
[011] ^laoliaEffiffltSCi^SSVyA 

[012] v>vM^x>^7tSiat§oiiaw^«i±- 
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w^ttta^^H^-r § 0 nib § 0 

[013] «BE-3HWWttft«© F U 7 hfffltfcfrS 

[0 1 4 ] 0 1 3 ©yesngggfcfci^T f u 7 f/a^l 

[01 5] 01 3£D7t^I§|t^^TiE^(DFU7h 
[0 1 6] 0 1 303KSM<i»{<:i8^T^l«I<D KU 7 h 

10 [017] m=.<om.m i^t^mm^yn >y * ht* 

[01 8] 01 7 0Jfc2Sjg«0^ny^Hlc*tJ-5&as 

[^^©KJra 
4 A^tf-h 
6, 8 #fg#ttft 

1 0 h 

1 2 {f^«® 

1 6 /^7^«a 
20 0tp> n-tw«H-3Efc««a«»*^. 
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[01 0] 
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